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Abstract

The Center for Wateshed Protection |Center) collaborated
with local jurisdictions to comprehensively detect and quan-
tify the nufrient and bacterial loads from nonstormwater
dischorges in two Mid-Ailaniic subwaolersheds. VWaler
quality analyses indicate that the discharges are probably

from sewoge sources and oppear to be o signi:ican'. et
unaccounted for, source of pollution to the Chesopeake
Bay and iis tributaries. The discharges represent a controk
oble source of pollution whose systematic eliminafion
could result in significant progress toward meeting nutrisnt
and bacterial total maximum daily load [TMDL) reduction
requirements.

The Center followed a comprehensive procedure for
detecting, fracking, and eliminating pollution sources that
included (1} using threshold eriteria, such as ammonia
and bacteria fo determine the presence of illicit sewage
discharges; (2] estimating instantaneous pollutant loadings
from the dry weather flowing outfolls; and (3] compaoring
the illicit sewage discharge pollutant load to the watershed
ood, as esfimated from grab somples taken from o down-
stream, instream location, This analysis shows that the
elimination of ilicit sewoge discharges has the potential
to achieve up to 21% of the estimated TMDL phosphorus
reduction, 43% of the estimated TWMDL nitrogen reduction,
and 51% of the esfimated TMDL bacterial reduction in one
of the study subwalersheds.

mprovements in illicit discharge defection and elimineation
programs may help communifies achieve their targsted
pollutant load reductions and con be an important fiest
sep far addressing water guality impairments in urban
waotershads, Detecting and  tracking  illict discharge
sources can be a laboriniensive process for government
sioft that con potentially be offset through collaborative

effarts with waotershed organizations and volurfesr water
quelity monitoring programs,

Introduction

Studies have shown that dry weather flows from the siorm
drain system moy conhibuie more than wet weather
stormwarter flows to the annual discharge mass for some
polluiants {US Environmental Protection Agency [USEPA]
1983k: Duke 1997 Pitt and Mclean 1988). McPharson
et al. {2005) found that dry weaiher flow in the Bollana
Creek watershed in los Angeles, Califomnia, contributed
more than 40% of the pollutant loading for 2ach of the
following  constituents;  nirale-nitrogen,  nitrite-nitrogen,
ammenianitrogen, total  Kjeldahl nirogen, ond total
phosghornus (TP]. Dry weather lows can stem from car
wash discharges, water main breaks, and illicit sewage

harges, among other sources

In parficular, the cumulative illicit sewage discharges into
o storm drain system can have a significant water guality
impact by infreducing high nufrient and bacterial loads
with toxic and pathogenic effects, They are often missed
by inefteciive and/or inefficiently implemented munic-
ipal separaie storm sewer sysiem [MS54] illicit discharge
defection and elimination (IDDE| programs because such
programs target larger storm drain or sewer issues (2.q.,
by limiting i
36 inches! [91.4 em] in diometer), Futthermors, sewage

cif discharge monitoring to pipes greater than

discharges are relatively small, but persistent, problems that
ore often not considered part of the large capital improve-
ment projects required under USEPA consent decrees o
manage sanitary sewer overlows [S50s), Finally, although
o port of sach MNational Pollutant Discharge Elimination
Syztem (NPDES) M54 permit requires an IDDE program,
incentves  for implementing  effective IDDE  programs
ore lacking. For example, the USEPA Chesopecke Bay
Program doss not currently hove o system for crediting
local gevernments that fix ilicit discharges through the
total maximum daily load [TMDL] process. And in some
instances, requlators developing TAMDls ossume  that

" English urits have bezn used throughout this poper dus to their comman wse in enginegring
and infrasttuchrs opphicafions. Mefic equivaents o sxomple corversions ore piovided.
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loadings fram sewage discharges will be addressed through
aclions such as consent decrees. For tfhis reason, they do not
“count” loadings from illicit discharges or include them in
the background waste laad from urbon unoff. Therefore, o
best management practice [BMP) that eliminates this source,
such as IDDE, connct be credited as part of nutrient load
reductions. local governments find themseles serambling
to undertake the enormaous tosk of nutient accounting for
practicas and programs in highly uiban landscapes, where
substantial benefit could be ochisved through the investiment
ot resources info sewaoge dischorge elimination. Benefits
could be zeen in terms of water quality improvements os well
as agency credit for eliminating pollution sources, When
federal and siofe regulatory ogencies either fail o under-
stand fhe imporfance of the issue or lack the resources fo
adegualely address it, program implementation at the local
level can become more of a “check the box” strategy rather
than an actual tool fo be vsed for improving water qualig.

The purpose of this paper is fo present data from hwo case
siudies showing that water quality goals in some waler
sheds may be achieved only it dry weather illicit sewage
discharges are addressed within the overall watershed
restoration framework, By quantifying dry weather pollutant
looding from illicit sewnge discharges in two subwater-
sheds, this paper illustrates the pervasivenass and cumulative
impact of dry weather illicit sewoge discharges along with
the potential value of IDDE as a BMP tor achieving goo
forth in TMDLs for impaired waters. Furthermore, this paper
presents watershed management implications and recom-
mendations related fo sewoge discharge eliminotion based
on results from fhe cose sudies, In particular, we recom-
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mend increosing the pricrity of sewoge discharge eliming-
fion within the overall strategy for walershed restoration,

Regulatory Background

Uncontrolled or unpermitied sewoge leaks and discharges
come under the broad regulalory heading of illicil
discharge.” The NPDES Program defines an illicit discharge
as “any discharge lo o municipal separale slorm sewer thal
is not compesad entirely of stormwatar, except discharges
pursuant to o NPDES permil and discharges resulling from
firefighting activities” 40 CFR 122 26(b|(2) [1999).
MNPDES permits may also autherize discharges as long os
parmit requirements, such os estoblished effluent limits, are
being met.

Eaich Phase | and Phase || MS4 is required 1o develop and
implemenl o slormwaler managemean! program 19 reduce
contamination of stormwatar wnoff and  prohibit licit

discharges. The stormwoter management program must

include an IDDE progroam with three primary components
detection, tracking, and elimination of illicit discharges.
As port of ils IDDE program, each Phase | and Phase |
M54 should hove an ouffall screening program, education
measures, o lecal ordinance prohibiling ilicil discharges,
and maasuroble goals. The programs of Phase | varsus Phase
| MiSds differ in two main weays. First, Phose | M84s are
explicity required to screen “major” outfalls—that is, those

grealer than 34 inches [@1.4 cm} in diameler, whereas

Phase || MS54s do not have this requirement. Second, Phase

MS4s must use o wvery preseriplive sel of waler quality
paramelers for screening, whereas, in many siafes [e.g.,
Marylond, Pennsylvania, and llincis), Phose 1| M54s are
not required to conduct water quality festing as part of the
screening program.

Stormwater and Wastewater History
Underslanding  the polentia
discharges on receiving water guality requires an oware

impact of ilicit sewage
ness of the rexus between the sanilory sewer and slorm-
water pipe networks. Sawer systems are aither saparate
or combined. Combined sonitary systems [C55] ore pipe
networks that convey stormwater and sewage together. The
com ng|eu flowe is ransporled 1o a waslewalsr eatment
plont except when large storm flows exceed the copacity
aof Ihe comveyance syslem or pipe network. In such cosss,
the excess unirealed sewage-stormwatar mixture is diverted
to o nearby waler course; his is referred to as o combined
sewar overflow (CSO).

n separale sonilary sewoge (355) systems, sewage and
stormwater are conveyed in separale pipe  nehworks.
Sewage is collected from homes, businesses, and industries
and conveyed fo a wastewater treatment plant—without
mixing with stormwaler, al leasl in theory In the early
1900s, 555 replaced the C55 os the predominant type
of conveyance system in the Uniled States. While more
advanced than C55, decades of neglect have resulted in
syslemic delerioralion of S55 that allows groundwater and
stormwater o anter thesa systems through breaks and laaks
in the pine network. As a resull of inflow and infiliration,
arge siorm avenis, and other causes, USEPA estimaias ot
sasl 23,000-75,000 sonitary sewer averflows [350s) per
year (not including sewage backups into buildings; USERA
2004}, Mosl

regulated by state agencies and/or USEPA under consent

arge 555 communities with 380 issues are

aclions thal reguire sructural repairs and proactive main-
tenance. Recaiving watars served by 555 are plagued by
small leaks, breoks, and maintenancerelated discharges
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(clogging with grease) that are sasily overlooked by sewer
svaluations. Sewsr evoluotions also con overlook direct
dischorges of sewage into the storm drainage system from
individual homes and businesses. These dischclrges—which
can be easily idenfiied through IDDE programs—are a
madjor soUrce of bacteriol and nutrient impairment.

Communities across the United States ore spending billions of
dollars to address C50s and $5Cs through repairs or sswer
capacity exponsions intended to reduce major ovedlows that
oCcur primﬂri}y during storm events. However, recent studies
by Kaushal et ol (201 1] and the Center (CWP 2011) cast
doubt on whether such efforts are adequote to address all
sewage-related impacts to water quality. These studies were
conducied in the Ciry of Balimere, Maryland, o commu-
nity served by an 555, In response fo a consent decree,
Balimaore hos spent millions of dollars on wet weather
repairs to address 530s (City of Boltimore 2010, but both
studies indicote that these repairs hove had litle impact on
dry weather discharges. Specifically, Kaushal et al. {2011)
studied six urban fribuiaries in the Balimore region. Using
stable isofopic techniques, they found that sewage waos
the predominant source of nitregen lood during baseflow
conditions, even after repairs lo the wastewater system were
complete. Similary, a restoration plan for Baltimore Harkbor
faund litle or no improvement in nutiient or bacterial loading
ofter years of sewer system repoirs in Boltimore thot targeted
infrastructure limitations causing wet weather 550s [CWP
2011). The authers determined fhat this finding wos due to
the underlying persistent pollution loads from dry weather
sewWOge SoUrces.

The persisience of waler course impaimments, despite
substantial investments in infrastucture repair, is due, in part,
to scale, Municipal programs that aim 1o eliminate C50s
and 550 predominantly target wet weather events through
the repair and replocement of pipes and pumping stations,
Although dry weather occurrences ore addressed through
procctive operation and maintenance protocols, as speci-
fisd in consent decrees, widesprend smoll sewage lsaks
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conftinue to discharge to surface waters. This is the cose
especially for sewer lalerals—hal s, privale conneclions
to homes and businesses that are otien connecled fo the
municipal syslsm by private conlractors with limilsd public
avarsight.

Case Study Descriptions

This study included estimotes of illicit sewage discharge
pollution loads for wo Chesapsoke Bay subwalersheds:
Wastern Run, a 5 dsquaremils (mi?; 12.9km?) subwater
shed in northwestern Balimere City, and Slige Cresk, a
Q.&mi (24.9km?| subwatarshed in Monigomery County,
Mardand, just north of the District of Columbia (Figure 1).
Both watershads drain lows to medium-density rasidential
land vses (Table 1) on the oulskirs of major metropolitan
areas. These watershads are typical of mary urban sraams
with limited flasdplain connectivity, amarad banks, channel
incision, and impoired water quality |in ferms of bacleria,
sediment, and nutients; see Table 2] Eoch subwatershed
is within o Phase | M54 jurisdiction and thersfare regulated
for illicit discharges. The City of Balimare and Monigomery
Counry implement IDDE programs in Wastern Run and Sligo
Creek, respectively.
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Figure T, Two subwatershed case studies: Westem Run and
Sligo Creek. Image courtesy of Google Maps.

Table 1. Size and land use distribution of sampled watersheds.

Percentage Lond Use in Watershed
S Aren Impervious Cover
bwatershed | 0y %} Commercal | MighDensity | Medium-Density | Low-Density | Open | o
Residential Residential Residentlal Space

Wasem Rn 54 -330 1% A . 41.5 22 183

Sliga Cresk 9.4 334 b5 118 LUK — — 211
B Tfifs cred re.'rl'ecf,s onl':,r fJ'I&' Monlg(_}mer}.r Co.‘_uiry po.'f.;on (_}f fI!:e wfe!,s.[leol_
Maote: 1 mi® = 2.6 km?
SPRINGZ012 9
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Table 2. Water quality impairments in sompled wotersheds.

TMDL Anacostia Janes Falls
(Sligo Creek) (Western Run)
Bacheria k! i}
Sediment ¥ i
Nzt X i
PBs ¥
Trh X
Tine i
Copper and Leod ]
Mote: PCBs, polychlorinated biphenyls.

Methods

The methods included collecting How and water quality
data fram storm drain cutfalls and instream locations in each
subwatershed over several days within o tworweek period.
Figldwork took place in June 2010 for Western Run and
Jaruary 2017 for Sligo Creek. Teams of three o four Center
ond local gevernment stoff, along with watershed group
volunteers visited all cutfalls in the subwatershed by walking
entire stream reaches, Using the ouffall reconnaissance
inventory technique described by Brown et al. (2004),
the teams investigated oufalls with dry weather flow and
screened them for o number of illicit dischurge indicators,
including physical indicators, such as pips banthic growth,
odor, flow lines, and cra-::kin-g or spu||ing [f|-::||<ing or c|1ip-
ping) of the pipe; bacteria; and chemical indicators, specifi-
cally ammonia, defergents, potassium, and fuoride. The
teams collected three samples from each flowing cutfall and
onalyzed them as indicated in Table 3. Sample collaction
methods included condiioning the somple botle with dry
weather flow [i.e., rinsing the somple botile several times
with sample water before collection) and then directly filling
a single baottle by |'|-D|c|ing it under the dischc:rge from each
drain until the bottle was full, We also collected instream
grob samples on only one day and analyzed them for tofal
nitrogen (TN] and TR

The teoms tock o flow meosurement ot each outall using
either a fimed volumetic method, crosssection—velocity
method, or weir equalion? [depending on the condifions
ot a given location). Teams also collected instream flow
measurements in the upper, middle, and lower regions of
each watershed using o pygmy meter. Standard conversions

* Fliw = [3.1 = wetted width (feet) « depth ifeeti11.5. This method was used cnly with o
frezwing autfoll and when the depth of flow wes relotively uniform.

and assumptions for outfalls fi.e., that low remained constant
ower the entire day) allowed for daily How estimates.

We adjusted the grab semple concentrations by sublracting
a background surlace water concentration of TN (1.0
ma/L) and TP (0.02 mg /1] for each grob sample 1o provide
a conservative esfimate of pollutant load. The background
nutrient coneanirations ore basad on dote collseted by the
US Gedlogical Survey's Mational WaterGQuality Assessment
program in nalural walersheds [overage TN = 0.26 mg/L;
average TP = 0.022 mg/L; Clork at al. 2000] os well os
data collecled by Center slaff from “clean” cutfalls—thal is,
thase that did nat exceed illicit discharge screening poram-
ater thresholds—in Balimore, Maordond [overage TN =
20964 mg/L; avarage TP = 0.0539 mg/L; Lilly and Sturm
2010). We used the adjusted concenhations to estimals an
annual load with the assumption that the illicit discharge flow
rale remained conslant aver an entire year. The diumal and
weekly variations in cuffall discharges, however, may skew
the estimales of the cumulative oulfall discharge, in contrast
to the estimates from the instream grab samples. Likewise,
lemporal and seasonal differences, as well as differences in
land covar and riparian characteristics of the subwatarsheds,
probobly contribuled 1o differences observed betwesn the
subwatarsheds. Furthar sumpling could oddrass thesa issues.
Allhough ane should use extrapolaled astimales wilh caulion,
they are useful for estimating the potential contribution of the
sewage dischorge 1o the total loading. The limited budget
of this project could not accommadate a mere frequent and
regulor monitering program that would have allowed for
more accurate quantification of seasonal/divrnal variability
and refined annual load rates.

We used o
et ol. 2004) to distinguish amang three major types of
discharges: woskewater, wash water, and top water [Figure
2}, Subsequenily, teams fiacked these discharges o their
sources when possible. When the threshold levels were nat
exceaded, we assumed that the source was groundwater
and was not composed of sEWage, wash water, or tap
water, The flows chart method helped determineg the pres-
ence of o potenﬂcﬂ illicit dischmge and ||:|c1c|ing from suspect
outfalls. Wastewditer (sewage) discharges include sanitary
wastes, oz indicated by the presence of detergents or other
surlactants ond high ammonia concentrations. Wash water
discharges can include domestic wash water [e.g., from a
crassconnecled washing machine) as well as o wide range
of industrial process waters. Detergents are h;.r|:ti-::c|||\;-r present
in wash water, but the rafio of ammania fo potassium is
genem”y lower than that found in wastewater. Top water

vanotion of the flow chart method (Brown
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Table 3. Water quality sample analysis.

Somple Anelyzed Equipment Methed Location Specifications Notes
Hannah HI 93715 | Adaphaion of the Hesskes Range: .
Fid Ammanin o Hiwnukse methad (USEPA 1979, Field 019,93 mg L “ﬁjﬁn’“;"{mﬁm‘r’e'
boaomanes Mi405 snethod e, 350.2) hecusaey: £ 0.1 gL
B 133725 | Adopaton fte SPADHS fnge D100 'r"n"ﬁ et zeoed efes soch eting
Fluaide Lorw-Renge: meethod {USERR 1979, Precisia: = 0,03 mg/Lat 100 using a standad trmn.:dmrh e
Photameter mathod no. 340.1) Batimore (ry's ngd iled water iwacted with rsaget
Askberton lnb,
- (hemstiics LISER (19830) method Boltimare, MD, o0 )
Sampla 1 Aoorke suecons Detangent K¢ . 4251 Marydund Hofignol Rnge: 03 pom
Capital Park and PR
Plaveing Camimis- - ) ) uint calibration conducted
Huriba Cordy hs per manufochurer: 5,._?" I:h m -9 ].UD . hefore sch sat of somple read
Patssium Compact lon Meter nitrate ion elecrode Rasalan: 1.0 gy (039 gy, s, where the mafer wes
ppm { 10 ppm), .
100 ppm (10-5% 10 nd
G131 100 um (1019 - 100 per) stondurdized first to 20 « 100
m o ppm nd then bo 15 10 ppm
m o LSERA {1979) mathod
m. 3512 ﬂzﬁ:ﬂ;ﬂw Linhs undlarga a hlind audit; avngs
(Solomens, M) prcentoge dffencs o e Sornples fozen of end of figd doy
Sumpl 2 and Homs Pt loh onchss ompmed 0 e pegemed ond maiked on ize to the |oh
" . LISERA (1975 method {Contridgs, WD) ietemEnE -:ﬂn:enfrurim,wr_l'rhis
mo. 3537 o unuh:sis betwaan 5% and 105
100 mL of somple colleited ma
shesils bl and plated no more
,Tb:;ﬂu'mﬁu;‘ than six hours after calkcion; o
A S se ] | n ;"‘““H“"’,ﬂf_“ "
Sampla 3 - coliond M Peifibm plofes | hour, red ond blua colonies et uffice 1 - (OIS L COMMES 0n
rolfaim wilh e Ellcat Ciry, MO tatal coliformn ns *ed” colanie;
glus nnumr:m a the colonizs of eadh are comnbed,
UL of Wil 0 medrplisd by 100 ond rsposted
Blats R !
s colamy forming unifs, ar CFUs,
per 100 ml

Motes: Hanna instroments, Smithfield B Chemives, Ine, Midland, VA Heriba lnstruments Tne, lrving, A 3A Micrahbi-

rn'ﬂ,gv Praducts, St Paul, MIN.,

Figure 2. Flow chart methad

patential illizit o

SPRING20112

usad to distinguish among
ischarges. Source: Brown ef al. 2004

fwhich includes no detergents) aften ariginates from a broken
water line and, although net illicil, is often o targel repair for
o communiby.

Thrashold levels for illicit discharge screening paramelers,

defined in Table 4,

stem primarily from research conducted
far the preparation of an IDDE guidance manual for Phase
Il M54s (Brown et ol. 2004). [ an illicit discharge was
suspected bosed on the initial sompling, typically one team
[designated the “tracking team”} would immediately leave the

Likely Tap
or Irrigation
Walar

streom and altempl lo lrack the source of the conlaminated
flowe to the source. The team would conduct visual screening
and chemical monitoring in the upsiream storm drain network
tor attempt 1o confirm the source of the illicit discharge.
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Table 4. Threshold levels for screening parameters used in
outfall screening.

Parameter Thresheld Source
Ammonia =01 moy/L Bimwn et ol {2004)
235 CFU/ 100 ml (grb
F ook sample) USERM (1986)
(alfomio shate stondard
Tatal coléum 10,000 GFU/100 ml {Danfrnan and Rossetkot
{greh sample) 200
Fluotida 0,25 my,L Bimwn gt ol {2004)
Detesgents 0.25 mg,L Brown et al_ {2004)
Guidaca axtpokated from
P b Spm il cod Sham (2010}

Measuring TN and TP concentrations ot the cutfall, aleng
with flow, allowed for o quantification of the nulient load
trom individual cutfalls suspected of having sewaga contam
ination. For exampls, outfall CCAB from Slige Creek had an
ammonia concentration of 3.62 mg/L, o detergent concan
rotion of 0.75 mg/L, ond 15000 colony forming units
[CFU} of Escherichia coli par 100 mL. These concentrations
ara rr'Uc|’| h 9'15' Inan one WOL.ld “l'ld r U'ﬂb ent sirecam or
groundwater conditions and are most likely due fo the pres
ence of sewage. TN measured al this outfall was 6.5 mg/L
and flow was 0.05 cubic feet per second |cfs) (0.0014
m*/s). A conservalive nilrogen laad sstimate, made by
subtracting 1.0 mg/L from the original concentration, gives
a final estimated annual load, using slandard corversions®,
of 539 pounds/year [244 kg year).

Table 5. Outfall summary.

Case Study Results: Western Run
and Sligo Creek

llicit sewage discharges were pervasive in the two case
study watersheds. OF the 313 outfalls ossessed, 103 [33%)
had dry weather flow ({Takle 5). Of the outfalls with dry
weather flow, 7B% exceeded water guality porometers
that indicate the presence of illicit discharges. Ammania,
the primary waslewater indicator, was present in half of
the discharges investigoted. Approximately 40% of the
dischorges confained fluoride, o potable (ie., top) water
indicator. Defergents, indicators of wash water or waste-
waier, were present in one-hird of the dischorges. Mors
than onethird of all discharges had £, coli concentrations
above the USERA [1984] threshold for contact recreation,
and half of the flowing ouffalls in Western Run exceeded
E. coli thresholds.

Discharge

The cumulative discharge from all suspected storm drain
ouffalls in Slige Creek was approximately 1.35 million
gollans/day (5,110 m*/dayl—approximately aqual to the
tatol insream discharge (1,26 million gallens/day [4,770
m?/day]l. In contrast, the stermweater outfall discharge in
Wastern Run {0.25 million gallons/day [946 m*/day])
was only 9% of the total instraam discharge (2.77 million

gollons/day [10,488 m® /day])

Mutrients

Based on the downstream instream flow and nutrient sample
collection in sach subwatershed, the estimated daily nitrogen
ood wos 24-31 pounds/doy [10.9-14.1 kg/doy] ond
the doily phosphorus load wos 0.15-1.0 pounds/day
[0.068-0.45 kg/day); (Toble &). In Sligo Creek, the TN
oad from outfalls suspected of having illizit discharges made
up 97% of the instream load, and phosphorus loadings from
suspecied discharges composed more than 500% of the

Slige Creek Western Run Sum

Total utfalls essessed 213 100 13
Outfalls with dry weafher flow BT 45 (45%) 103 4335}
Ho. of deschanges exxcanding threshold lavels for ammonia, Fceids, o detergunts 47 (805 330735 B (78%)
o of dischonges with potenticl wosteswater ar other ischonge of weknown iigin (ammania 0.1 mg/L) 35 {40 16 (365 51 (50%)
Ho. of potential top wotes discharges (luoride =0.25 mg,/L) 17 {2%%) 23(51%) A0 (39%)
e of patential wash water dischoeges onionic sufoctonts 025 mg/1L) M {41%) 11 (245 35 (344
Outhalls with E. colf sbove USERA threshold for contoct reaetion {235 CFU/100 ml) 14 {245} 24 (53%) 3 E

# Puunds per cubic foat = (nivogen concentration < 28.317) /453,552, pounds per yeor = poends per cubic foat s dfs = 31 557,400, 1 pound = 0,454 ky end 1 cubic foot = 0.028 cublic meters.
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instream load. |n VWestern Bun, the TN load from outalls
suspecled of having illicil discharges made vp 17% of the
instream load, ond phosphors loadings from suspacted
discharges composed 58% of the instream lood. Insiream
flows measurements in each subwatershed were collecied
only an day 1 of the oulfall screening. In sach subwaler
shed, euffall screening tock place on multiple field daoys
over an approximately tweewesk period. The refinemeants
needed in sampling methods for caleulating load estimates
may overcome the limitations of this sudy that resulied in
the phospharus cutfall load exceeding the instream load in

Sligo Creek,
Table 6. Instream sample (farthest downstream point).

Sligo Creek Western Run

Amanonia {m/1) H 013

E. coff (CFU/ 100 mL) 100 0,000
Descharga {ce) 19 43
TH {mg /L) 14 13
TH Lood {powds,dy) 4 a
TP (mg /L) 002 oM
TP Lood {puundsoy) 02 10

Bacteria

The dewnsiream instream baclerial concantration was much
highar in Western Run (20,000 CFU/ 100 ml) than in Sligo
Creek {100 CFU/100 ml), probably because of o large
sewer line break found upstream of the instream menitoring
location during the sampling in Weslern Run. Awverage
E. coli concentrations fram cutfalls were high in both subwa-
lersheds: 1,345 CFU/100 mLin Sligo Cresk and 321,462
CRU/100 ml in Weastern Bun. The majority of outfall
E. colicame from those culfalls that exceaded illicit discharge
poramater thresholds. For exampla, 96% of the £ coli from
outfalls in Sligo Creek ond B7% of the E. coli from outfalls in
Wastern Bun came from those outfalls that were suspacted
of having illicit discharges.

Tracking Sources

Tracking the source of illicit discharges moy be shaighfor-
ward ond even obvious in some cases; howaver, in other
cozes, o lot of detective work is required. Many of the illicil
discharges in VWestern Run were hacked fo specific sources.
In one inslance, dye lesling confirmed that o sewage
discharge resulied from leckage from the sanitory sysiem
into the storm drain system. In anather instance, sewoge

)

discharge was confirmed from a broken sanitary pipe. In
Sliga Creek, o handful of the 47 polential discharges inilially
found through field screening have been successhully racked
o o soures. One investigalion required approximalely 55
total stoff hours; the effort was complicated by the fact that
the source was a blend of ol leost four differsnt sewage
sources. Several source investigaofions are ongoing.

Management Implications and
Recommendations

The eliminalion of o walershed's illicit discharges may hove
significant cost and management implications i considerad
os port of walershed-wide pollutont load reductions. The
results of this study suggest that {1) IDDE can play a signifi
cant rale in meeting TMDL requirements; [2) IDDE, alhough
laborintensive, is o costeffective way to meet pollutant load
targets; [3) detection and load eslimation methads must be
refined; [4) municipaliies can work with the voluntear mani
tering eommunity to find illicil discharges; and [5) finding
and removing sources requires significant coordination and
persisience among local agencies.

IDDE Can Play o Significant Role in Meefing TMDL
Requirements

IDDE is o tool that con be used to identify sewage
discharges and mest both bacterial and nutrient TMDLs in
local waterways. For example, alhough Wesiem Run itself
has no specific nufrient impairment, the Ciby of Balimore
will have to meet jurisdictionwide nutrient lead reduction
torgets |18% for TN and 34% for TR} as part of the Siale of
Maryland's strotegy fo address the Chesapecke Bay nuirient
TMEOL Maryland Phose | Walershed Implemenlation Plan
2010).# Since Western Run is o subwatershed of the Jones
Falls watershed, reduction torgets were applied to looding
estimates from the Lower Jones Falls small watershed action
plon {CWP 2006). Comparing the lood reductions of 3,015
pounds fyear [1,368 kg vear] for TN and 1,025 pounds/
year (465 kg/yvear] for TP to the loadings measured from
the illicit discharges, the illicit discharge load for TP, based
on the Center’s field screening, was 217 pounds/yeor (98
kg yeor) —opproximately 21% of the reduction needed for
Wastern Run (Figure 3). The illicit discharge load for TN was
1,897 pounds/year (860 kg/yearl—approximately 43%
of the reduction needed for the subwatershed (Figure 4]
In & similar analysis tor Sligo Creek, we tound that the illicit
discharge lood represented 17% of the TN and &% cf the

4 More refimed jurisdicfion-wide fanars weee Bsued in October, but pot in fime to be incomarred
inta this paper.
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TP TMDL reduction.  The analysis was based on the nutrient
TMDL developed for the nonlidal Anacostio watershed
[Maryland Department of the Environment [MDE] and District
of Columbic Department of the Environment 2008), which
required an 80% reduction in TP and a 79% reduction in TN.

MDE developed a fecal coliform TMDL for the Jones Falls
watershed in 2006. A baseline load for o subwatershed of
the Jones Falls (i.e., subwalershed JONOO39) is on estimated
9,152 billion most probable number (MPN}/day. MPN refers
lo serial dilution tests that measure the concentration of @ largel
microbe in a sample (MDE 2006a). The TMDL allocation for
the subwaltershed is 430 billion MPN/day—a reduction of
8,722 billion MPN/day. Assuming that the load allocation
for Weslern Run [with an arec of 3,478 acres [14 km?])
is proportional to that of the 7, 546-acre [30.5-km?) TMDL
subwatersed, the baseline load for Western Run would be
46% of the baseline load, or 4,210 billion MPN/day. The
estimated TMDL allocation for Western Run is therefore 20
billion MPN/day, or a reduction of 4,190 billion MPN/day
The illicit discharge lood for bacteria estimated from Cenler
staff field screening is 2,056 billion MPN/day, or 51% of
the required bacterial reduction [Figure 5). We conducled
a similar analysis for Sligo Creek and the illicit discharge

www.aecom.com

W Other Source Losd  Olllcit Discharge Outtall Losd

Figure 3. lllicit discharge load os a percentage of TP

reduction for Western Run.

B Other Source Load DGt Discharge Outfall Load

Figure 4. llicit discharge load os a percentage of TN
reduction for Western Run
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locd represented 21% of the baclerial TMDL reduction, The
analysis wos bosed on a fecal colform TMDL developed for
the Anocostio walershed [MDE 2006b), which required o
Q3% reduction for the watershed®.

Ollicit Dischargs Outiall Load (E. col) @ Other Source Load

Figure 4. Wicir discharge load as a percentage of ol
bacierial reduction for \Western Run.

This analysis suggests that some pollutont loads may be
missed if the right "occounting tools” are not vsed fo identify
sources, Conssquently, walershed managers and regulating
agencies may be misled gbout the recl pD||uI|::|I1T lood and
the stormwater practices and progroms that will most effec-
tively reduce the pollutont lood. Kaushal et al. {2011} esti-
mated that, although highly variable, approximately 13.5%
of the TN load in Baltimore areo steams is from sewoge
sourcas, Some modelers perceive that pollutant loadings from
sewage discharges are intermitient in nature; therefore, such
discharges may be considered incansequential o the total
annual stormwater load and not incorporated as o signifi-
cant source in simulation models. However, the present case
studies found that illicit sewaoge discharges are more wids
spread and of much longer duration than previsusly thought,
The state of Mardond’s 550 dotobase reports that the 880
volume in Sligo Creek from 2005 to 2010 was 224,021
gallans (848 m?) from blockages ond wet waniher events.
Just one of the illicit discharge flows found through this study
had an esfimated flow of 32,344 gallons per day (122
m*} for a total of =@ million gallons (34,069 m?) in o ten-
month period. This is one of more than 40 ilicit dischargss
detected in the field. The cumulative impact of many such
pro|::|ern5 fo recemving waters is noleworlhy. Mare bloud|y,
becouse the illict sewage discharge os @ source has not
bean previoushy occounted for in inputs to the Chesapeake
Boy Watershed Model, the actions and strategies needed
to oddress the issus hove not been o priority. In an age of
pollutant accounting, local governmenits should be offered
incentives for more comprehensively implementing their IDDE

Programs,

© Mthaugh the THOL wns develaped using frecol coliform s the indicator cegansm, the Stfe
vl P critarin such that it is naw besed an watar cabmn lenits Far either £ ol an entaood,
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IDDE Is an Inexpensive Way To Meet Pollutant Load
Targets

The cost of fixing illicit discharges is much less expensive per
pound of nulient reduced than other methods that real the
same load at the end of the pipa. For example, remaving
the anmual niragen load ossocialed wih potential illici
discharges faund in Sliga Crask would conceivably cast
18 times more if done via a praclice such as a dry swale
{Figure &) IDDE con be costly in tarms of staff time to track
down problems, but the waler quality bensfil ther con bs
achieved cutweighs the upfront cost. In addition, as illus
rated by Penninglon et al {2003, 1040}, “communilias ars
il advised to rely exclusively on structural BMPs to addrass
their waler quolity concems.” A holistic approach that effec-
fivahy infegratas both stuctural and nonstructural proctices
will be needed 1o address the many water quality impair-
ments in the United States.
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Figure &. Costs of varicus proctices to treat an equiva-
lerr annval load estimated Fam illien dfs(_'hurges in 5!.;9(_}
Creek. The estimate for the cost of the illicit discharge
repair assumes that each repair will cost $50,000. The
astimatas for the cost of consirocied wetlands, biorefeniion,
and permecble pavement assume that 100% of the woler
quality volume is provided Jo freat T inch of rainfall,

To Successfully Identify Discharges, the Detection Methods
Are Extremely Imporfant and Meed To Be Refined.

As indicated by the rasulls of this siudy, monilaring for the
right parameters is imporfant. Many Phose | communities,
in particular, do nol monitor for ammonia, one of the best
indicators of sewage discharges. Typical monitoring indi-
cators for Phass | communilies include pH, temparalurs,
conductivity, chlorine, phanols, and copper. Simply adding
ammanio to this list of porameters would go o long woy
toward identifying mora discharges.
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In Sligo Cresk, teams consisted of ol least one Center staff
person and one Montgomery County staff person. Staff from
sach organizalion used their own illicit discharge moniloring
protocols at eoch cuttall (Table 7); this enabled o compar
ison of the profocals. Use of the Centers moniloring prole-
cols resulied in o significant bensfit in terms of the number
of discharges found: 22% more additional discharges were
detacled in Sligo Creek using the Center's protocol compared
lo that used by the local government. The Cenler’s protocol
uncovered appraximataly 70% mare discharges than would
hove been found using the “siandard” Phaze 1 set of waler
quality porametars {which include all of the county's param:
elers exceplt detergents).

In addition, alheugh physical indicaters are important, partic:
ularly for identifying the worst discharges, one cannol absays
rely on physical indicators alone. In other words, actually
monilaring suspect flows is o crilical first step for vitually all
aoutfalls flowing during dry weather.

Toble 7. lllicit discharge monitoring parameter comparison,

WP Motgomery Couty “Standard” Phase |
Detements
Ammein pH il
Fluaridz: Teenpzmature Tempemiue
Dietesgents Copper Copper
Patossinm Phenols Phesoks
Bacturia (Chlocine Chlorine

Municipalities Can Wark with the Volunteer Manitaring
Community To Find These Discharges

Increasingly, cilizens ore interested in prolecting their waler-
ways. The volunteer monitors who worked with Cenfer stoft
an Ihis project odded remendous valug in terms of walershed
knowledge ond enthusiosm_ Although quality contral issues
con somstimes maks it difficull 1o use regular instream volun-
tear monitoring, the use of more accessible field and labarar
lory lechnigues con be used 1o guide immediale management
dacisions. To make this werk, the local government must estab:-
lish good waorking relationships with local walershed groups
so that the gevernment agency can focus limited resources on
racking discharges and remaoving the source of discharges
from suspact outfalls.

Using walershed group staff and /ar velunteer monilors o port
of the sewage discharge detection process will toke training
an profocols, mehads, and safery, bul the challenges are
far from insurmountable. Given the sheer number of cutfalls

in uban areos, the polentiol breadih of the problem,
and the fact that the methads would meet both tha M54
permil requirsments and walershed advocacy goals, IDDE
portnerships betwean local governments and watershad
groups could go o long woy loward finding and fixing

sewdge discharge problams.

Actually Finding the Source of Discharges Requires
Efort and Persistence

The elimination of illicit discharges can be the most chal-
lenging goal, and one that needs ongeing commitment.
To achieve this gool, communilies nesd 1o establish an
accuragte storm drain network map for pipes and cutfalls
and conlinue 1o updale i1 a3 new gaagraphic information
becomes available through menitoring and investigations.
Some of the mosl challenging discharges 1o find weres those
trom outtalls that did nat exist on the stormwater map but
carried o discharge. Further, one can shien find o discon-
nect batwaen local wastewater and stormwalter agencies;
the eslablishment of o good working relationship between
these two agencies will go o long woy toward elimination.
Increcsed coordination and sharing of resources e.g., a
sewar cameral between local agencies, such as public
works and waslewaler ulilities, would facilitate efforts 1o
track the sources of illicit discharges.

Conclusions

licit sewage discharges into storm drain systems can be
a mojor source of bacterio ond nutrients enfering urbaon
waterways, despite system-wide improvements o rehabili-
tote the sewerage system. An investigation in Western Run
in the City of Balfimore showed that the elimination of illicit
discharges in this subwaltershed could potentially meet 21%
of the TP, 43% of the TN, and 46% of the bactaria TMDL
geoals. For Sligo Craek in Monfgomery County, a similar
analysis showed that the elimination of illicit discharges
could potentially mest &% of the TR, 17% of the TN, and
21% of the bacteric TMOL goals. Although this assessment
was based on limited sampling data, the sheer magnitude
of the potential laad reductions is compelling, especially in
|ig|1r of the poten‘ricﬂ cost savings appadrent from a compdar
ison of load reductions through illicit discharge elimination
wersus green infrastuciure proctices for Sligo Creek. More
ressarch is needed, especiolly in estimating flow rates,
lo better quontify the load reduction potential from illicit
sewoge discharges.

F.egu|c|iory agencies should consider widesprecld program-
matic changes 1o ensure that M54 permits require the use
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of basic racking tools. As a first lask, agencies should develop
a comprehensive geographic information system that identifies
all sterm drains regardless of size. This should be followed by
the development of a systematic sereening program that moni
lors c|| ary wan|nar ”0w5 [rorrl slarm druirl DU”I’_}”S [c.r incdicalors
of sewage, including ammaonia and bacteria. Finally, the alimi
nalion of sewage discharges into the storm drain system should
ba tha collactive rasponsibility of MS4 parmit programs as wel
as programs addressing 550s. Staff resources have the polen-
fial to be high but may be offset by engaging local watershed
groups in the initiol screening process where feasible
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